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Abstract : We studied the effect of propofol (PPF) on the endothelium-dependent vascular responses in
isolated rat thoracic aorta. In aortic rings with endothelium, PPF inhibited the phenylephrine (PE)-induced
contraction in a concentration-dependent manner. In PE-precontracted preparations, PPF attenuated the
endothelium-dependent relaxation by acetylcholine but not by A23187. And PPF did not attenuate the
endothelium-independent relaxation by sodium nitroprusside (SNP). The relaxation induced by acetylcholine
in PE-precontracted aortic rings was significantly augmented by zaprinast, a cGMP-specific phosphodiesterase
inhibitor, and this augmentation was inhibited by PPF. Although SNP-induced relaxation was significantly
augmented by zaprinast, this augmentation was not inhibited by PPF. In preparations preconstricted with
PE, the PPF-induced relaxation was inhibited by atropine. In addition, PPF attenuated the vasorelaxation
by phosphodiesterase inhibitors (IBMX, Ro20-1724 or zaprinast except milrinone). In vivo, the infusion
of acetylcholine and SNP showed decreased arterial blood pressure in rats. The pre-injection of PPF inhibited
the acetylcholine-induced blood pressure lowering, but not the SNP-induced blood pressure lowering. These
results suggest that PPF can attenuate in part the acetylcholine-induced vasorelaxation and blood pressure
lowering through the inhibition of the acetylcholine receptor-mediated endothelium-derived relaxing factor
by acting on endothelium. It is considered that the inhibitory effect of PPF on the vasorelaxation is due
to the decreased level of cGMP which can be attributed to the inhibition of the muscarinic receptor and/
or receptor-G-protein interaction.
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� �

Alkylphenol� �� ���� propofol(2, 6-

diisopropylphenol, PPF)� ��� �� ��, ��� �

� �� �� � ��� �� �� ��� �� ���

���� �� ��� ���� �� [20, 34]. ���

����� ��, ���� �� ��� ��, �� �

�� ��, ��� �� �� ���� �� �� ��

�� �� [7, 11, 23]. PPF� �� ��� �� ���

� ��� ����� ��� ����, �� �� ��

�� ��� ���	 
��� ��� ��� ���

[22], �� �� ��� �� �� �� ��� �� �

� ��� 2003�� ����� ���������� ��� �����.
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�� ���� ���. �� ���� � �� ���

����� �� �� ��� �� 	� [32] �� �	


� �� �� ����� ��� [18, 39, 40]. ���

� ��� �� ��
�� ���� �� ��� ��

��, �� PPF� �� ��� ��
�� �����

���
��, �� ��� ���� ��� Ca2+ ��

��� �� �� ��� � ��� ��� ���� �

���	 ��� [6, 12]. PPF� �� ��
� �� �

� �� ��� ��
�� �	� ���� �� ��

��	 ���� PPF� ��� �	� ��� �
�

� ���� �� �� ��
� ��� �� PPF� �

�� ���� ��� ��� ��. Miyawaki et al. [25]

� �� ������ PPF� �� �� ��


(acetylcholine, ACh) ��� ���
(sodium nitroprusside,

SNP) �� �� ��� 
��	 ���� nitric oxide

(NO) �� ��� 	��� ���. �� �� ���

����� PPF� ACh� �� �� ��	 
����

� ��� [18]. ��� ��� ����� �
� ��

��� norepinephrine� �� �� ��� PPF� ��

����� [1], �	� �� ��� ������ NO

��	 ������ ��� [31]. �	� ��� 
�

������ PPF� �� �� ��� NO �� ��

� prostacyclin	 ��� ���� ��� [29]. �� �

� 	��� ��� PPF� ��	 ���� � ��

�, �� ��� �� �� 	��� � � ��� ��

� �� ��� �	�� ���� � ����� ��

�� ���� ���� ���� ���. 
�� ��

��� ���� ���� �� ��� �� �� ��

� ��� � �
�� PPF �� ��
 
�� ���

� �� ��	 ���� ���� �� ��� ��

��.

��� � ����� ��� ������ �� �

� � �� ��� �� PPF� �� ��� �� ��

��� ��� ����, � �� ��	 ���� �

��. 

�� � ��

�� �� � ��� ��

�� ��(Sprague-Dawley, 260~310 g)� �� ���

� 	��� 	 ����	 
��� 25oC �� ��

�	� (133.0 mM NaCl, 5.0 mM KCl, 2.5 mM CaCl2, 1.2

mM MgSO4, 1.0 mM KH2PO4, 11.0 mM glucose � 12.0

mM NaHCO3; 95% O2 : 5% CO2, pH 7.3~7.4)�� �

�	 �
� �
 �� ������ �� ��� ��

�� ��� �	 � 		����	 �
�� 
 2~3

mm� ��� �����. � 
� �� ��� �� �

	�� �	(40�5 mL/10 min)�� tissue chamber��

� �� 50 µm ��
�� ���� �� ��� ��

25 µm �	� �	� ��� �	� 	 tension transducer

(400A, Cambridge, USA)� ��� �	�� ���	

�����. 250~300 µg� �� (�� ��)	 � 	 


���� ��� 40~70 mM KCl� �	�	 30��

1~2
 �	�� ��	 
���� 	 �����(3400,

Gould, USA)� ���� �� � ��� ��� ��

���. 

����


� ��� phenylephrine(PE)	 ���� ���

� 
��� 	 PPF� �� �� ��� �����,

PE�� ���� ���� ACh, A23187, SNP �

phosphodiesterase(PDE) ����� �� �� ��� �

� PPF� ��	 �����.

PPF� �� �� ��� �
�� ��� 3 µM PE

� ��� �	�	 �	��� ���� 
����

PPF� ��	 ����, �
 ���� 30�� atropine

	 ���� 	� �
 ��� PE� �� �� ���

� PPF� ��	 �� �����. ACh, A23187, SNP

� PDE ���� �� �� ��� �� PPF� ��	

�
�� ��� 3 µM PE� ��� �	�	 �	�

�� ���� 
���� �
 �� �� �
 ���

�� 
��� ��	 ����, �
 ���� 30��

PPF� ���� 	 �� �
�� ��	 ���� �

� 
�� ��� ��� PPF� ��	 �� ����

�. PDE ���� ��� ��� PE� �� ����


��� ��� ��� ��� ����� PPF� �

�	 �� ���� ��� PE� ��� ���� ��

�	 �����. �� ��� ��� �� �� 	 0.5

µM ACh ��� �� �� �� ��� �����. 

�� ��

����	 urethane�� ����, �
 ��� ��

hot plate� ��� 	 
 20� �
 
����. �� �

�� �� ��� catheter� ���� ���� ventilator

(Harvard, Model 683, England)� ��	 �����. �

��� 
�	 ���� �� �� ���� cannula�

���� �����, ����� cannula� ����

���� blood pressure transducer(NEC, Japan)� �	

�� ��	 �����. �� cannula�� heparin(1000

IU/mL)� ��� ������ ��� ����� 	�

���. ��� 
��� ACh �� SNP� ���� �

� ��	 ��� 	 
� �� �
 PPF� � ���
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� �� 
�	 ���� �� ��	 �� ����

�. �� ��� �� �� �� ��� �
	 ���

��.

�� �� � ����

A23187, ACh, atropine, heparin, 3-isobutyl-1-

methylxanthine(IBMX), milrinone, PE, PPF, Ro20-1724,

SNP � zaprinast� Sigma Chemical Co. (St. Louis, MO,

USA)��� ���� �����. ���
� mean�

SE� ����, � �� 	�� ���� Student's t-test

� �� �����.

� �

���� ���� �� �� ��� ��� ��

3 µM PE	 ��� �	�	 �	�� ��	 ��

�� 	 0.01, 0.02, 0.04 � 0.1 µM ACh	 ��� 	�

�� ��
 (�
 ��)�� �� 5.18�1.08, 14.97�

1.61, 32.64�2.27 � 128.36�5.64 mg� �����(Fig.

1A). �
 ���� 100 µM PPF	 30�� ���� 	

��
 ACh	 �� ��� 	� �� 1.95�0.45, 4.07

�0.79, 18.45�2.13 � 71.81�6.47 mg� ����, ACh

� �� �� ��� PPF� ���� �����(Fig.

1B). Fig. 1C��� �� ��� ACh� �� ��� 10

µM PPF� ���� ���� ���(4.34�1.01, 12.57

�1.98, 35.24�2.00 � 134.16�7.78 mg), 100 µM ��

� ����� ���
�� ��� �� �����

�, 500 µM��� ����� �	 �����(1.79�

0.49, 3.71�0.81, 15.85�2.59 � 58.81�6.47 mg).

���� ���� ��	
��� ���� ��� ���

��

PE�� ��� ��� 0.01, 0.02, 0.04, 0.1 � 0.2 µM

� SNP� ��� 	� �� ��
�� �� 9.93�

1.20, 20.98�2.53, 48.93�4.50, 117.47�8.42 � 181.91

�9.42 mg	 �����(Fig. 2A). �
 ���� 100

µM PPF	 30�� ���� 	 SNP� �� ��� 	

� �� 20.23�3.28, 37.48�4.71, 72.71�7.07, 135.16�

11.10 � 196.89�11.06 mg� ����(Fig. 2B), SNP�

�� �� ��� PPF� ���� ���� �� ��

Fig. 1. Effects of propofol (PPF) on the acetylcholine (ACh)-induced relaxation. A and B: Typical tracings of the effects
of ACh (0.01, 0.02, 0.04 and 0.1 µM) on the phenylephrine (PE)-precontracted isolated rat aortic rings in the absence (A)
and in the presence (B) of PPF (100 µM). C: Graph showing the effects of PPF (10, 100 and 500 µM) on the ACh-
induced relaxation. Each point represents mean±SE expressed as the tension (mg) of ACh-induced relaxation. *P<0.005
compared with control; n=5.
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� ���	 ���� ���� ���, ��� PPF(500

µM; 22.59�3.22, 31.77�4.64, 68.85�6.99, 121.19�

11.76 � 178.67�12.33 mg)� ���� ���� ��

�(Fig. 2C).

�� PE�� ��� ��� Ca2+ ionophore� A23187

	 0.01, 0.03, 0.1 � 0.3 µM ��� 	� �� ��


�� �� 5.48�1.23, 49.41�5.18, 133.38�7.45 � 187.7

�4.8 mg� �����, �
 ���� 100 µM PPF 30

�� ���� 	 A23187	 �� ��� 	� �� 5.18

�1.15, 42.37�4.69, 148.2�7.62 � 188.47�5.55 mg�

���� A23187� �� �� ��� PPF� ����

���� ��� ��� PPF(500 µM; 5.63�0.97, 57.9

�4.16, 151.17�8.28 � 179.1�4.53 mg)� ���� �

��� ���.

���� ��� ����� �� �� ��� ���

��

PE�� ��� ��� 0.5, 1, 5 � 10 µM� IBMX

(PDE type I ���; Ca2+/calmodulin-stimulated PDE �

��)� ��� 	� �� ��
�� �� 6.53�1.29,

14.72�1.71, 39.08�2.58 � 63.8�3.59 mg� ����

��, �
 ���� 100 µM PPF	 30�� ����

	 IBMX� �� ��� 	� �� 3.17�0.70, 10.73�

1.43, 29.75�3.08 � 49.12�3.54 mg� ���� ���

�� �����(Fig. 3A).

1, 5, 10 � 50 µM� Ro20-1724(PDE type IV ���

; cAMP-specific PDE ���)� ��� 	� �� ��


�� �� 1.40�0.47, 7.64�1.34, 17.31�1.69 � 46.52

�2.83 mg� ������, �
 ���� 100 µM PPF

	 30�� ���� 	 Ro20-1724� �� ��� 	�

�� 0.4�0.21, 2.06�0.60, 9.58�1.13 � 33.71�2.20

mg� ���� ��� �� �����(Fig. 3B).

0.5, 1, 5 � 10 µM� zaprinast(PDE type � ���;

cGMP-specific PDE ���)� ��� 	� �� ��


�� �� 3.7�0.91, 15.4�1.44, 33.95�2.63 � 44.95

�03.19 mg� ������, �
 ���� 100 µM PPF

	 30�� ���� 	 zaprinast� �� ��� 	� �

� 0.66�0.44, 2.94�0.63, 15.96�1.34 � 25.44�2.41

mg� ���� ��� �� �����(Fig. 3D).

���, 10 µM� milrinone(PDE type III ���)� �

Fig. 2. Effects of PPF on the sodium nitroprusside (SNP)- or A23187-induced relaxation. A and B: Typical tracings of the
effects of SNP (0.01, 0.02, 0.04, 0.1 and 0.2 µM) on the PE-precontracted rings in the absence (A) and in the presence (B)
of PPF (100 µM). C and D: Graphs showing the effects of PPF (100 and 500 µM) on the SNP (C)- or A23187 (D)-induced
relaxation. Each point represents mean±SE expressed as the tension (mg) of SNP or A23187-induced relaxation. n=6.
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�� 44.33�5.05 mg	 �����, 100 µM PPF	 30

� ��� 	 milrinone� �� 45.72�5.08 mg� ��

�� PPF� �� ��� ���� ���(Fig. 3C).

���������� ���� ��� �� ���� �� ��

��� ��� ��

2 µM PE�� ���� ���� 0.04 µM ACh ��

� 31.28�3.08 mg	 �����(Fig. 4A), �
���

5 µM zapranist(ZPN)� 30� ��� 	 ��� ���

	 ����� 20 µM PE�� ���� 	 ACh ��

� 82.81�6.29 mg	 ���� zaprinast� �� ACh�

�� ��� ��� ���	 ���(Fig. 4B). �
�

��� ZPN� �� ��� ACh� �� �� ���

100 µM PPF� ���� ��� 22.64�2.76 mg�� �

����(Fig. 4C). ��� ZPN� �� ��� SNP�

�� �� ��� PPF� ��� ���� ���(Fig.

4D).

��������� ���� �� �� ��� ��� ��

PE�� ���� ���� 300 µM PPF� �� �

� �� ��(119.99�8.94 mg)� 5 µM atropine�

���� ��� �� �����(55.39�6.15 mg,

Fig. 5).

��� ���� ��� �� ���� �� �� �

� ��� ��� ���� ��

��� ���� ACh(3 µg/kg, i.v.) ��� �� ��

�� ��� ����� ���� PPF(15 mg/kg, i.v.)�

�� ������, SNP(1 mg/kg, i.v.)� �� �� �

��� ��	 ��� ���(Fig. 6).

Fig. 3. Effects of PPF on the IBMX-, milrinone (MLN)-, Ro20-1724 (Ro)- or zaprinast (ZPN)-induced relaxation. Graphs
showing the effects of PPF (100 µM) on the IBMX (A: 0.5, 1, 5 and 10 µM)-, Ro (B: 1, 5, 10 and 50 µM)-, MLN
(C: 10 µM)- or ZPN (D: 0.5, 1, 5 and 10 µM)-induced relaxation. Each point (A, B and D) or bar (C) represents mean±SE
expressed as the tension (mg) of phophodiesterase (PDE) inhibitors-induced relaxation. *P<0.05, **P<0.005 vs. control
(relaxation by PDE inhibitors); n=6.
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Fig. 4. Effects of ZPN and PPF on the ACh- or SNP-induced relaxation. A, B and C: Typical tracings of the effects of
ACh (0.04 µM) on the PE-precontracted rings in the absence (A) and in the presence of ZPN (B: 5 µM), and ZPN with
PPF (C: 100 µM). D: Graph showing the effects of ZPN and PPF on the ACh- or SNP-induced relaxation. Each bar represents
mean±SE expressed as the tension (mg) of ACh- or SNP-induced relaxation. *P<0.001 compared with the ACh treated
group, +P<0.001 compared with the ACh+ZPN treated group; n=5.

Fig. 5. Effects of atropine on the PPF-induced relaxation. A and B: Typical tracings of the effects of PPF (300 µM) on
the PE-precontracted rings in the absence (A) and in the presence (B) of 5 µM atropine. C: Graph showing the effects
of atropine on the PPF-induced relaxation, each bar represents mean±SE expressed as the tension (mg) of PPF-induced
relaxation. *P<0.001 vs. control (relaxation by PPF); n=5.

Fig. 6. Effects of PPF on the ACh- or SNP-induced blood pressure lowering. A and B: Typical tracings of the effects
of PPF (15 mg/kg) on the ACh (A: 3 µg/kg)- or SNP (B: 1 mg/kg)-induced blood pressure lowering. PPF was treated
15~20 minutes before the treatment of ACh or SNP. C: Graph showing the effects of atropine on the PPF-induced relaxation,
each point represents mean±SE expressed as the decreased mmHg of mean arterial blood pressure (MAP). *P<0.001 vs.
control (ACh); n=5.
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� �

�� ����� ACh� NO �� �� ��� ��

��� ���� ACh� �� NO� ��� �����

M3 ���� ����� ��� �� [16]. ACh� ��

����� Ca2+ ��� IP3� �� ��� �����

� Ca2+ ��� ������� Ca2+ ��� 	���

[10, 35]. ��� Ca2+� �� nitric oxide synthase(NOS)

� ����� NO� ���� ��� ����

guanylate cyclase(GC)� ����� ��� guanosine

3',5' cyclic-monophosphate(cGMP)� ������� �

� ���	 ����� [30]. �� �� ����� SNP

� ��� NO �� ���
� �� ��	 ����

� ��� ��� ��� [19], � NO� ��� GC�

����� cGMP ��� ������ �� ���


� �� ��	 ���� [26]. � ����� PE��

���� �� ����� ACh� �� ��
�� �

�	 ������ ��� ��� PPF (100 µM)� �

�� ��� �� �����. ��� SNP� �� ��

�� ��� PPF� ��� ���� ���.

��� ����� ACh � SNP� ��� �� ��

	 ����� ����� 	�� ���� PPF� ACh

��� �� �� �� ��� ��� ��, SNP� �

� �� �� ���� ��	 ��� ���. PPF �

�� �� �� ��� ��� ���� ��� ���

� ��� �� �� �
 ��� ����� �� [2]

� � � PPF� �� �� �� �� ��� �� ��

��� 	�� ����. ��� 	�� PPF� �� �

� ����� ACh� SNP� �� �� �� ��� �

��� ��� ���� NO� ��	 ������

cGMP ��� ������ 	� [25]�� �����

�� �� ��� ��� ��� ��� �� ���

Boillot et al. [1]� 	� 	, �� ���� PPF� ACh

� �� �� ��	 ������ SNP� �� �� �

�	 �� �� ����� �� 	��� 
����.

�� PPF� �� 
 ����� ACh� �� �� ��

	 ������, GC ���� �� ��� �� ��

� ���� ��� ��� ��� ����� ���

�� [9]. �� �� ���
� 
��� 	�� ��

� PPF� NO/cGMP�� ��	 ��� �� �� �

��� NO ��	 ��� � ���, �� ��� ��

PPF� ��� ��� �� ��� 	�
 � �
	 �

���. 

��� PPF� ������ ��� Ca2+ ��� ��

����� NOS	 ������ [15] A23187� ��

�� �� ���� ��	 ��� ����. ��� 	

�� PPF� ��
� NO 	�	 �	
�� ����

�� �� ��� Ca2+� �� �� �� ���� �


���� � � ��. 	, PPF� ����� NOS �

� ���(upstream)� � ��� ��� ��� ���

�� ���� ���� ��� ����� �� PPF

� ��	 ���� ��� ��� � ��. �� ��

� �� [33]� ���, �� �� ��� Xenopus oocyte

�� PPF� ��� M1 ��� �� ���� G-��

����	 ����� 	� [27]� PPF� Xenopus

oocyte ��� �� pheochromocytoma ��
�� ��

� ���� ���� ���� ����	 �����

	� [5]� �
��� ��. �� ������� PPF

� ����� ��� ��	 ������ ��	��

���� ����� ���� � �� 	�� �� �

���� ��� �
�� atropine ���� �� PPF

� �� �� ��� 50% �� ���	 �����.

��� PPF� NOS �� �� ��� ����� ��

��� ��� �� ���� G-��� ����� �

����� ACh� �� �� ��
 �� ��	 ��

� � �	 ��� ����.

��� ��� endothelium derived contracting factors

(EDCFs; prostaglandin, superoxide anion� endothelin)�

�� �� endothelium derived relaxing factors(EDRFs;

NO� prostacyclin) � endothelium derived hyperpolarizing

factor(EDHF)� ��� �� ���� � � �� [3, 4].

ACh� �� �� �� ��� �� PPF� ���

cyclooxygenase ��� ������ �
�� �� [9]

�� prostacyclin� ACh� �� ��� ��� �



� ��	 �� � ��� ��. �� �� �� ���

��� EDHF� ���� �� ��� ��� � ��

[13]��� ��� ���� ������ ACh� ��

��� NO� ��� ��� ����. ��� � ��

�� ACh� �� �� ��	 PPF� 100% �����

��� ��
�� ����	 �� ACh� �� ��

��� NO/cGMP �� ��� prostacyclin �� EDHF

� ��
�� ��� � ��� ���� PPF� ��

��
 �� �� �� ��� �� ��	 ����

EDCFs� ��	 �� ��� � ��� ���� ��

� ������ � ���.

�� ��� ��� ��� ��� � ��� ��

� cyclic nucleotide(CN)� adenosine 3',5' cyclic-

monophosphate(cAMP)� ��� [14], cGMP� cAMP

� ��� ��� adenylate cyclase(AC) � GC� ��

� �� 	�� PDE� ������ �
� ��� �

��� [42]. �� �� ��� ���� 
�� PDE �

�� PDE I(Ca2+-calmodulin stimulated type), PDE III
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(cGMP-inhibited cAMP-specific type), PDE IV(cAMP

specific type)� PDE V(cGMP-bining cGMP-specific type)

� ����� [21, 24]. ��� �� ��� ����

PDE� 	�
� ��� �� CN ����� ����

�� cAMP � cGMP� ��� ���� ��	 ��

�� � �� [8, 28]. � ����� �� �����

PDE ���(PDE I, IBMX; PDE III, milrinone; PDE IV,

Ro20-1724; PDE V, zaprinast)� ����
�� ��	

������ PPF� ���� �� PDE I, IV � V �

��� �� �� ��� ����� ��
� ���

� zaprinast� �� �� ��� �� �� ��� ��

�����. ��� milrinone� �� �� �� ���

� ��	 ��� ����. ��� 	�� ��� PDE

��� �� ��� cGMP � cAMP� �� PPF� �

	
�� � ��	 ��� � ��� ���� ���

�. Milrinone� �� ��� ���� �� 	�� �

� PDE ������ �� ��� �� [36], �� �

� ��� cAMP � cGMP� ���� Ca2+ �� ��

� ��� ��� �� [38]� �
�� ��� � �

�. ��� �� ����� milrinone	 ��� PDE III

���� �� ���
 ��	 ����� � ��

PDE IV � V ���� �� ��
 �� ��� ��

� [21], �� �
, NOS ��� � GC ���� ��

IBMX, Ro20-1724� zaprinast� �� �� �� ���

���� SNP� ��� milrinone��� �� �� �

�� ���� ���� �� [17]� �
� � � PDE

����� �� �� ��� �� PPF� ��� ��

�� �� � NO/cGMP� ��� � ��. � ���

�� �� ��� �� ��� ��
� zaprinast� �

� ��� ��� PPF� ��
�� ���	 �� �

���	 �
� ��.

��
�� zaprinast ���� �� ��� ���

ACh� �� �� ��� PPF� ���� ������

zaprinast� �� ��� SNP� �� �� ��� PPF

� ��� ���� ���. �
 ACh� �� �� �

�� �� PPF �� ��� �� �� ����� ��

�� ��� cGMP� �	
�� ��� � ��� �

�� ���� �� cGMP� ���� � �� SNP�

�� ��	 zaprinast� ���� ���� PPF� ��

������ � ���.

��� PPF� �� �� �� � �� �� �� �

�� ����� NO �� cGMP� �	
�� ���

� �� ��� �� ���� NOS �� �� ��, 	

����� ����� ���� 	
� cGMP �� �

�� ������ �� ��	 ����� � � �	

���.

� �

PPF� �� �� � �� �� �� ��� �� �

� ��� ��� ���� � �� ��	 ���� �

� ������ �� �� ��� ��� 
�� ��

� �����. 

PPF� �� ����� ��� ���� ACh� ��

�� ��
� ��� ��� ������ �� ��

�
 NO donor� SNP� ����� ��� Ca2+ ��

� ������� NO 	�	 ���� A23187� �

� �� ��� ���� ���. cGMP 	�
� PDE

���� zaprinast� ��� ��� ACh� �� ��

��� PPF� ���� ��� ��� �� SNP� �

�� �� ��� PPF� ��� ���� ���. ��

� �	� IBMX, Ro20-1724 � zaprinast� �� ��

��� PPF� �� ��� �� �� ��� ��� �

��� �� milrinone��� ���� ���. �� �

�� ���� PPF� �� �� �� ��� atropine�

��� �����, ACh� �� �� ��� PPF ��

�� �� ������ SNP� �� �� ��� ��

�� ���.

	�
�� �� ����� PPF� �� �� ��

� �� �� �� ��� ����� NO/cGMP ��

� �	
�� ���� �� ��� �� ���� �

���� ��� �� ���� G-��� ����	

������ ���� 	�� ����.
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